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Abstract. Re-finding information that has been seen or accessed before
is a task which can be relatively straight-forward, but often it can be ex-
tremely challenging, time-consuming and frustrating. Little is known,
however, about what makes one re-finding task harder or easier than
another. We performed a user study to learn about the contextual fac-
tors that influence users’ perception of task difficulty in the context of
re-finding email messages. 21 participants were issued re-finding tasks to
perform on their own personal collections. The participants’ responses
to questions about the tasks combined with demographic data and col-
lection statistics for the experimental population provide a rich basis to
investigate the variables that can influence the perception of difficulty. A
logistic regression model was developed to examine the relationships be-
tween variables and determine whether any factors were associated with
perceived task difficulty. The model reveals strong relationships between
difficulty and the time lapsed since a message was read, remembering
when the sought-after email was sent, remembering other recipients of
the email, the experience of the user and the user’s filing strategy. We
discuss what these findings mean for the design of re-finding interfaces
and future re-finding research.
1 Introduction
Personal information management (PIM) as a research field covers efforts to
understand PIM behaviour, the information strategies that people employ and
attempts to develop systems that help people manage and re-find their informa-
tion effectively. One PIM activity that has received growing research attention in
recent times is information re-finding, where there has been a specific emphasis
placed on improving the tools available to assist people with locating information
that they have previously seen or accessed. In IR this has involved developing
interfaces for Desktop Search [16] and creating testbeds to simulate re-finding
behaviour and evaluate the performance of Desktop Search algorithms [12, 25].
In this paper we argue that while these aspects are important, before focusing
too heavily on the development of improved tools, and before we can adequately
simulate re-finding behaviour with test collections, we need an improved un-
derstanding of real behaviour. This includes learning about the re-finding tasks
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that people perform, the user’s perception of these tasks, the factors that affect
this perception and how these factors influence the behaviour the user exhibits.
We add to this understanding by analysing data collected from a study of email
re-finding behaviour to determine the factors that influence the user’s percep-
tion of task difficulty. Understanding what makes a re-finding task difficult offers
researchers insight into which aspects of behaviour are important to study and
where and how to provide appropriate user support. Our findings have implica-
tions for the design of re-finding tools and for the design of experiments used to
understand behaviour and evaluate new tools.
2 Background Literature
This section describes related work that hints at factors that may influence user
behaviour. Section 2.1 provides a summary of research relating to organising and
management behaviours. In Section 2.2, the focus switches to information re-
finding and research that has uncovered factors that may influence this activity.
The highlighted factors form the basis of our data analyses described below.
2.1 Organising and Managing Behaviour
Much of the research on organising and managing personal information stems
from Malone’s seminal study of office information management behaviour [28].
Malone examined how office workers organised paper-based information and un-
covered two principle strategies – filing and piling – which Malone related to the
tidiness or messiness of the individual. The approach has since been replicated
several times to study organisational habits for different kinds of information
objects, including email messages, where user strategies include frequent filing,
not filing and spring-cleaning [34], as well as web bookmarks [1] and computer
files [7]. Boardman and Sasse [7] investigated the similarities and differences be-
tween the organisational techniques used to manage email messages, files and
web bookmarks. Although they found some examples of overlap, particularly
that pro-organising participants tended to be pro-organising for all of their col-
lections and the opposite finding for non-organising participants, the way that
collections were organised were, in the main, fundamentally different for different
types of information object. This finding reveals that the organisational strategy
applied depends not only on characteristics of the individual user, but also on the
type of information being organised. Studies of classification decisions in offices
have provided similar findings. Cole [13] and Case [11] both uncovered examples
where information objects were classified not primarily by their semantic con-
tent, but by the physical form of the object e.g. journals were often organised
differently to books. Kwasnik [26] demonstrated that in addition to these docu-
ment attributes (topic, author and form), there are situational factors, such as
the document’s source or intended use that influence how it may be classified.
An important feature of previous research is that it demonstrates that differ-
ent factors influence the way that people behave when managing their informa-
tion. As pointed out by Gwizdka and Chignell[22], these factors can be at the
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level of the individual user, e.g., their “tidiness” or “messiness”; at the level of
users groups, e.g., people who have different types of job or apply different man-
agement strategies; or factors relating to the context or task being performed,
e.g. the type of media being managed or whether in a paper-based or digital
environment.
2.2 Re-finding Behaviour
There is an increasing body of evidence suggesting that people regularly need
to re-access and re-use information they have accessed in the past [16, 14, 32].
Investigations have revealed that people perform three main types of re-finding
tasks: lookup tasks, item tasks and multi-item tasks [20]. Lookup tasks involve
searching for specific information from within a resource, for example finding a
password from within an email. Item tasks involve looking for a particular item,
perhaps to pass on to someone else or when the entire contents are needed to
complete the task. Multi-item tasks involve finding more than one item and often
require the user to process or collate information in order to solve the task. The
evidence suggests that re-finding tasks can often be difficult, time consuming
and frustrating [2, 7, 8, 32]. No-one to date has compared the different factors
which could make a task difficult in a single experiment. There is fragmentary
evidence in the literature, however, as to which factors could play a role.
Task-Context-level factors: In a study of the factors that affect web page
re-finding, Capra and Perez-Quinones [10] discovered that both the frequency
with which a task is performed and the familiarity with the information source
used to solve the task had an influence on method by which the participants
chose to re-find. Elsweiler and Ruthven [20] discovered a link between the time
period that had elapsed since the sought-after information had been last been
accessed and how difficult the re-finding task was perceived to be. Barreau and
Nardi [6] showed that people prefer to re-find older information in different ways
to information that is new or used regularly. Their participants generally used
search-based strategies to re-find older, archived information and browse-based
strategies to re-find working or ephemeral information. Other studies suggest
that time may have less of an impact on re-finding strategies, finding that the
path originally taken to get to the information target is much more important
[31, 9].
Group-level factors: The way people organise and store their information has
been shown to influence peoples’ behaviour. Elsweiler et al. [18] demonstrated
that the filing strategy that a participant employed influenced what they tended
to remember about the email messages they were asked to find. Similarly, in
studies of file re-finding [6] and web page re-finding [32], the participants who
employed different filing strategies tended to use different retrieval strategies in
different contexts.
Individual-level factors. Baelter [5] found that there was a link between the
number of emails in a collection and the time taken to file and retrieve them.
The re-finding experience of the user may also be important. Studies of search
behaviour have noted differing behaviour and differing success rates for novice
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and experienced users [24, 29] and similar outcomes have been established for
re-finding [2].
Therefore, according to previous research, there are many potential factors that
may influence how difficult re-finding information will be, although the quality of
evidence varies for different factors. To determine which of these variables have
the largest influence and to understand the relationships between these vari-
ables, we describe a study of email re-finding, which takes into account many of
variables outlined above. We analyse the data with the aim of establishing the
factors, which influence the perception of email re-finding task difficulty.
3 Materials and methods
The decision to focus on email re-finding tasks was taken for a number of reasons.
First, log-based studies of re-finding behaviour have shown that people have
to re-find email messages more than any other kind of information object [16,
14]. Second, although email is an asynchronous communication tool, it is, in
practice, used for collaborative working [15], data archiving [34, 5] and for task
[34] and contact management [33]. Conflicting strategies for different uses of
email suggests that re-finding emails could be particularly challenging and it is
of interest to uncover the factors that influence this.
3.1 Experimental design
We performed a controlled user study which examined the participants’ percep-
tion of the difficulty of tasks when they were required to re-find email messages.
The study population included 21 participants from a well-known British uni-
versity, consisting of a mix of academic and research staff, undergraduate com-
puter science students and a post-graduate class with a variety of undergraduate
academic backgrounds, including former business, geography, modern-languages
and philosophy students. The participants had been using their collections for
varying time periods, with the post-grads having relatively new collections (the
average age of collection was less than 3 months) and the academic staff com-
paratively older collections (avg. age ˜3years). Reflecting this, some of the col-
lections contained few messages (min = 95) and others several thousand (max
=8954, median = 5132). The participants also reported using email for different
purposes. While the students tended to use email mainly for class announce-
ments and collaborative working, the academics used email for a wide range of
purposes, including task and contact management, data storage, version control,
collaborative authoring, as well as simple communication.
We went to great lengths to establish realistic re-finding tasks for participants
that could be performed on their own personal collections without invading
individual privacy. This was achieved following the methodology proposed by [20]
and involved performing a number of preliminary studies with the participants
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and their peers, including interviews, collection tours and diary studies of the re-
finding tasks people in these groups perform. This work allowed us to establish
a pool of experimental tasks suitable for different groups of users, reflecting the
contents of their collections and simulating the kinds of re-finding tasks they
may perform in a naturalistic setting. Example tasks involved discovering when
the security code for the computer labs was last changed, finding specific details
from class announcements and finding emails regarding department events or
activities.3
Each participant was allocated 9 tasks from these pools including 3 lookup,
3 item and 3 multi-item tasks, which were rotated appropriately. After each
task was issued the participant was asked to subjectively rate the task in terms
of difficulty on a 5-point scale (very easy, easy, okay, difficult, very difficult),
before performing the task on his own personal collection. There was a good
mix of task difficulties (median = 2, interquartile range (IQR) =1). Some of the
tasks were perceived to be quite easy, while others were considered challenging.
These ratings form the basis of our analyses in this paper. To determine the
variables which influenced the perceived difficulty of a task we also asked a
range of further questions including how long it had been since the participant
had previously accessed the email to be found and the attributes of the email
that the participant could remember. The recorded task data combined with
the demographic data and collection statistics for the experimental population
provided a rich basis to investigate the variables influencing the perception of
difficulty of email re-finding tasks4.
3.2 Analysing the data
A logistic regression model was developed to determine whether any factors were
associated with perceived difficulty score assigned by the participants. All avail-
able factors (24 in total) collated from the user study were analysed initially
using a stepwise procedure in order to isolate any significant relationships. The
stepwise procedure automatically enters and removes factors at each step as-
sessing the overall goodness of fit of the linear regression model ([30] provide an
overview on generalized linear models and the stepwise procedure]).
Following this initial investigation, we considered specific factors of interest
(see Table 1) alongside those factors included in the model during the stepwise
procedure. The reasoning behind this decision was that automatic model building
procedures can be erroneous as it does not consider the real world importance
of each factor. Therefore, the final model presented also included those factors
believed to be important based on previous research (described in Section 2).
These factors were entered into the model to assess both their effect (if any)
on perceived difficulty and also the relationship between these factors and the
3 [20] provides detailed descriptions of the process we followed and the experimental
tasks can be found in [17]
4 The full questionnaires can be found in [17]. Further details of the experimental
design and user population can be found in our previous publications [18, 19].
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Task or context factors:
The type of re-finding task (look-up vs item vs multi-item [20])
The period of time since the information was last accessed (<week (hot), <month (warm) >month(cold))
How frequently the information is accessed by the participant
If the participant remembered when the information was sent
If the participant remembered other people associated with the information
If the participant remembered what the email was about or why it was sent
If the participant remembered other people associated with the email
The number of memory attributes remembered by the participant
Group factors
Filing strategy (filers vs no-filers vs spring-cleaners)
Re-finding strategy (preference for browsing vs preference for searching vs no preference)
User group (Undergraduate Students vs Postgraduate Students vs Research Staff)
Individual factors
Number of emails in collection
Re-finding experience
Age of oldest message in collection
Table 1. Specific Factors of Interest
other remaining variables found to be significant. The final model is presented
in Table 2 and the effect plots for the models are shown in Figure 1, with the
regression coefficient, the standard error, Z value and p-value presented for all
factors included. In the effect plots the solid line represents the mean perceived
difficulty value and the probability of the sample assigning a value higher than
the mean irrespective of the factor. Therefore, if the factor level is above the line
this represents a positive effect and vice versa.
4 Results
Coefficient estimate Std. Error Z value Pr(> |Z|)
(Intercept) 2.70 0.36 7.49 < 0.01
Experience: Low -0.25 0.15 -1.67 0.10
Filing.group: No filers -0.54 0.21 -2.50 0.01*
Filing.group: Spring cleaners -0.61 0.21 -2.89 <0.01*
Other recipients: Yes 0.43 0.13 3.30 <0.01*
Temperature: Warm -0.42 0.19 -2.26 0.03*
Temperature: Hot -0.79 0.17 -4.56 <0.01*
Temperature: Range -0.09 0.19 -0.50 0.62
When: Yes -0.26 0.14 -1.88 0.06
Table 2. Regression model for perceived difficulty (significant factors in bold)
The model demonstrates the main factors that influenced the perception of
difficulty associated with the allocated tasks. Three of the five variables that
feature in the model are at the task-context level. The temperature of the task,
i.e. how long it had been since the required information had been accessed, was
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Fig. 1. Main effect plots for regression model for perceived difficulty
a significant factor in the model. Hot tasks involved finding information that
had been accessed in the previous week, warm tasks information from the pre-
vious month and cold, information not accessed for longer than a month. The
category range means that multiple messages were re-found and more than one
temperature category was appropriate. Intuitively, the data show that longer
the time period between accessing and re-finding, the more difficult the task was
perceived to be. Other important factors at the task-context-level include two
memory variables. When the participant remembered when the required email
was sent, the task tended to be perceived as being easier. This also makes sense
given that this information could be used directly as part of a re-finding strat-
egy. A less intuitive feature of the model was that when the participants thought
they were able to remember other recipients of an email, the task tended to be
perceived as more difficult. It seems to make little sense that remembering ex-
tra information about a email – information that could be used to re-find the
mail – could lead to increased task difficulty. However, there are possible expla-
nations for this outcome. It could be, for example, that when other recipients
are remembered, such as remembering that a mail was sent to every member of
the department or company, that this is an indicator of a less personal connec-
tion with the email, leading to a poorer overall recollection. Secondly, if emails
are regularly sent to these recipients, as was often the case in our tasks, the
remembered information is of little benefit in the re-finding process.
The one user group-level factor that featured in the developed model was
filing strategy. The participants who employed a frequent-filing strategy tended
to rate re-finding tasks as harder than the user groups who utilised other filing
strategies. The participants who rated tasks as easiest were the spring-cleaners,
who generally do not file, but periodically, when the inbox becomes too large,
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tidy up messages into appropriate folders. Again, initially, this finding makes
little sense – the people who make a conscious effort to organise their mails
for future retrieval in reality find tasks to be more difficult. Further, one could
imagine that a spring-cleaning strategy could lead to confusion or doubt when
remembering if an email was stored in a folder or not. Nevertheless, the finding
aligns with previous work, which found those who file frequently to have the
poorest recollection for information they need to re-find whereas spring-cleaners
had the best recollection [18].
The only factor in the model that was at the level of the individual user was
experience. As would be expected, participants with more experience with email
tended to rate tasks as less difficult. However, although featuring in the model,
this factor was not significant (p=0.1)
There are some variables that are notably absent from the model. For exam-
ple, despite the numerous differences between the user groups in the experiment
and the vast differences in terms of collection sizes, we found no evidence for
a correlation between either of these variables and the perceived difficulty of
the task. This shows that despite many of the participants having new collec-
tions with relatively few messages, there were still tasks which they perceived
as difficult. It is possible that experience - a variable that did feature in the
model - played a role here, with experience and developed strategies compensat-
ing against increased collection sizes. Another point of note was that there was
no evidence that our participants found any type of task, i.e., lookup, item or
multi-item to be especially difficult.
5 Implications
We believe the findings have important implications for future re-finding re-
search. First, they provide indicators as to where researchers should focus their
attention, highlighting particular situations or people requiring support. Second,
they provide insight into how research should be performed, with implications for
the design of laboratory-based user studies. We continue to outline our thoughts
on these issues below.
5.1 Situations to support and study
The findings suggest that specific support is required when the user is looking
for older information. Aligning with the findings of past studies [6, 20], our data
show a clear correlation between the length of time that has passed since the
participant previously accessed the message and the perception of the difficulty of
the task. We know from Desktop Search Engine query logs that people seldom
query based on date [16] and there are few other alternatives for the user to
indicate that he is looking for information not seen for some time. If the user
was able to communicate this information to the system, specialised support
could be provided to ease the re-finding of older information. There is a need for
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such support and researchers should be investigating ways of providing it, either
through specific interface features or search algorithms.
Our data also indicate that particular groups of users would benefit from spe-
cific re-finding support. Inexperienced participants, despite having much smaller
collections, still tended to perceive tasks as more difficult than experienced par-
ticipants who had collections several times larger. Observing the participants
during the completion of the tasks revealed that inexperienced participants
lacked the honed strategies that more experienced participants had developed
over time. This is a problem not limited to re-finding and has been noted many
times in the IR literature, e.g., [2, 3, 23]. The key question that needs addressing
both in IR and PIM is how do we design interfaces that both support the user
to use the system with his current abilities and actively encourage and progress
the development of advanced user strategies?
A second group of users who, according to our findings, would benefit from
additional support are those who file frequently. People file emails for many
reasons [34] so rather than encouraging these users to adopt different behaviours,
what is needed is an understanding of the reasons for Frequent-filers perceiving
tasks as more difficult so that appropriate support can be provided. Elsweiler
et al. [18] proposed that the reason this group of users tend to remember less
about their mails is that act of filing removes the message from its context
and the message is thereafter seldom interacted with. This means that there is
no reminder of the message and its content through natural interaction with
the system. One means of addressing this problem would be to provide filers
with the ability to toggle between different views of their collection. One view
could show mails in their folder structure and another could show mails in a
temporally ordered stream, perhaps colour-coded to indicate the folder it would
normally reside in. Such a view could be filtered by various attributes as in [14]
and therefore allow increased interaction with filed messages without losing the
benefits offered by folders.
This point and the fact that two memory variables were shown to be signifi-
cant factors in our model emphasizes the importance of memory and recollections
to the process of re-finding. Memory has been studied in the PIM community
e.g. [27, 18, 21]. Nevertheless, there is still much to learn regarding the role of
memory and how it influences user behaviour and indeed how behaviour influ-
ences memory. Our discovery in this study that remembering other mail recip-
ients was associated with more difficult tasks shows that remembering more is
not necessarily always a positive sign. It would be interesting to learn about
the relationship between memory and re-finding behaviour, e.g., the queries a
user submits to a Desktop Search Engine. Is there an obvious mapping between
recollection and behaviour and can this relationship be improved?
5.2 Performing Re-finding Experiments
One problem when performing lab-based user studies to investigate re-finding
is the number of variables that need to be controlled or managed in the design
and data analysis phases. Our findings suggest that some variables are more
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important than others to consider. To achieve a balanced set of tasks in terms
of task difficulty, for example, it may be more effective to control the task tem-
perature (hot vs warm vs cold) rather than the type of task (lookup, item and
multi-item) as we did. The wording of task descriptions is also important as the
information provided will determine how much the participants remember when
they go to complete the task. As remembering when an email was sent tended
to be associated with easier tasks, to help create a set of tasks with a range of
difficulties, we suggest that experimenters omit temporal cues from their task
descriptions. This will help ensure difficult tasks are included, as it is unlikely
that all participants will remember this information organically [18].
This work emphasizes that the outcomes of such studies are influenced by sev-
eral variables, many of which will be confounded. We would recommend, based
on our findings, that when analysing the results of any system evaluation, i.e.,
testing whether one system performs better than another in a user evaluation,
researchers should specifically examine the data for any possible influences of
the variables featured in our model, i.e., task temperature, memory variables,
user filing strategy and user experience.
6 Conclusions and Future Work
To summarise, in this paper we have described a user study investigating the
factors which lead to re-finding tasks being perceived as difficult, finding clear re-
lationships between particular contextual variables and perceived task difficulty.
While this work only provides understanding regarding one aspect of tasks, it
opens up several important questions for further study. We have outlined our
thoughts on how our findings should influence future work in terms of what re-
searchers should be investigating and also in terms of how experimental designs
and data analyses can be optimised.
In terms of our own future work, we are currently working on some of the
ideas we discussed in Section 5.2. We are looking to design interfaces to support
the re-finding of older information and for users who file. We are also building
on these findings to improve user simulations for automated Desktop Search
evaluation. Given the relationships between particular variables and task diffi-
culty ratings, it is possible that different behaviour will be exhibited in these
situations as has been shown previously for web search engine behaviour. In
[3] when users were faced with a difficult task, they started to formulate more
diverse queries, used advanced operators more, and spent longer on the result
page. If similar behavioural changes occur when performing difficult re-finding
tasks then it would important consequences for the way behaviour is simulated
in automated evaluation approaches for Desktop Search. Current approaches,
e.g., [4, 25] apply generalised techniques to generating queries. If we can discover
different query characteristics in different situations, e.g., for difficult tasks, we
can use the findings to seed improved simulations and allow the performance of
algorithms to be tested in different situations, such as the re-finding of older in-
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formation problem outlined above. We believe, therefore, our findings here have
many important implications for future re-finding research.
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